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Abstract: Background: Alternative cardiopulmonary resuscitation (CPR) algorithms, introduced to
improve outcomes after cardiac arrest, have so far not been compared in randomized trials with
established CPR guidelines. Methods: 286 physician teams were confronted with simulated cardiac
arrests and randomly allocated to one of three versions of a CPR algorithm: (1) current International
Liaison Committee on Resuscitation (ILCOR) guidelines (“ILCOR”), (2) the cardiocerebral resuscitation
(“CCR”) protocol (3 cycles of 200 uninterrupted chest compressions with no ventilation), or (3) a
local interpretation of the current guidelines (“Arnsberg“, immediate insertion of a supraglottic
airway and cycles of 200 uninterrupted chest compressions). The primary endpoint was percentage
of hands-on time. Results: Median percentage of hands-on time was 88 (interquartile range (IQR)
6) in “ILCOR” teams, 90 (IQR 5) in “CCR” teams (p = 0.001 vs. “ILCOR”), and 89 (IQR 4) in
“Arnsberg” teams (p = 0.032 vs. “ILCOR”; p = 0.10 vs. “CCR”). “ILCOR” teams delivered fewer chest
compressions and deviated more from allocated targets than “CCR” and “Arnsberg” teams. “CCR”
teams demonstrated the least within-team and between-team variance. Conclusions: Compared
to current ILCOR guidelines, two alternative CPR algorithms advocating cycles of uninterrupted
chest compressions resulted in very similar hands-on times, fewer deviations from targets, and less
within-team and between-team variance in execution.

Keywords: cardiopulmonary resuscitation (CPR); guidelines; cardiocerebral resuscitation; adherence;
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1. Introduction

Based on international consensus of collaborating partners in ILCOR (International Liaison
Committee on Resuscitation), national and regional resuscitation organizations regularly publish
guidelines for cardiopulmonary resuscitation (CPR) [1,2]. Despite slight improvements, the outcome of
victims of cardiac arrest has remained poor [3–5], which prompted the development of alternative CPR
algorithms for adults. One such example is the cardiocerebral resuscitation (CCR) protocol, introduced
for primary out-of-hospital cardiac arrests (OHCA), i.e., arrests of cardiac origin. CCR stipulates three
cycles of 200 uninterrupted chest compressions, each followed by rhythm analysis and defibrillation,
if indicated. No active ventilation takes place during the first three cycles [6–9]. Compared with
the pre-implementation period CCR was associated with improved neurologically intact survival of
patients with OHCA in large US regions [10].

Likewise, with the goal of enabling uninterrupted chest compressions, a local interpretation
of the CPR guidelines was developed in Arnsberg, Germany. The Arnsberg algorithm advocates
the immediate insertion of a supraglottic airway, followed by cycles of 200 uninterrupted chest
compressions, separated by rhythm analysis and defibrillation, if indicated. The rationale for choosing
a supraglottic airway instead of endotracheal intubation are the shorter time for insertion and the
observation that uninterrupted chest compression may follow directly after insertion [2,11]. By contrast
to CCR, ventilation is applied right from the start via the supraglottic airway, so that this algorithm is
applicable to both primary and secondary (e.g., asphyxia-induced) arrests. The Arnsberg algorithm
has found broad regional acceptance and is currently employed by all ambulance services of a large
county in central western Germany.

Previous research from clinical [12–14] and simulator-based [15–18] studies established that
adherence to CPR algorithms is not optimal and that adherence varies between different components of
the algorithm [14,15,19]. Insufficient adherence to CPR guidelines may significantly contribute to the
persistent poor outcome after cardiac arrest [20,21]. Moreover, high variability in executing treatment
algorithms may blur significant effects of treatment changes studied in clinical trials. Thus, the degree
of adherence to algorithms is relevant for both individual patients and resuscitation science.

Investigating adherence to an algorithm and variability in its execution is inherently difficult in real
cardiac arrests. This is especially true for the early phase of arrests as providing functional recording
equipment or trained observers prior to the start of resuscitation efforts has significant practical and
ethical constraints. By contrast, simulation allows the investigation of medical emergencies under
realistic conditions in a highly standardized manner without endangering patients [16,17]. A particular
advantage of simulation studies in cardiac arrest is the collection of data right from the start of the event.
Since CPR performance shows a high agreement between real and simulated cases [12,13,17,22,23],
the findings of simulator-based studies may serve as a useful alternative for research questions difficult
to answer in real cases. So far, there has been no head-to-head comparison between established CPR
guidelines and alternative CPR protocols and simulation appears to be the preferred method to close
this scientific gap.

The aim of the present study was to compare the adherence to algorithms with hands-on time as
primary outcome, of the current CPR guidelines, the Cardiocerebral Resuscitation protocol, and the
Arnsberg algorithm, in simulated cardiac arrests. A further aim was to assess the effects of designated
leadership on adherence and hands-on time.

2. Materials and Methods

2.1. Study Design and Setting

This is a prospective randomized single-blind trial (participants unaware of the goal of the trial),
The trial was carried out following the rules of the Declaration of Helsinki and was approved by the
Ethics Committee of Ärztekammer Westfalen-Lippe (2014-657-f-N) that waived the obligation to obtain
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consent. The trial is reported herein according to the extensions to the CONSORT statements of the
Reporting Guidelines for Health Care Simulation Research [24].

2.2. Participants

The “Arbeitsgemeinschaft Intensivmedizin”, Arnsberg, Germany, organizes several educational
courses each year for physicians from German-speaking countries working in intensive care and
emergency medicine. Participants are mainly residents in their 2nd to 3rd year of clinical education in
internal medicine, anesthesia, or surgery and, therefore, act at the time of our courses as (potential)
first-responders in CPR. All participants of our courses were offered the opportunity to take part
in voluntary simulator-based CPR workshops and informed that during their simulations they
would work in teams, the simulations would be videotaped for scientific reasons and, based on the
video-recordings, the performance of their teams would be analyzed in a strictly anonymous way.
Physicians refusing to be filmed during the simulation were offered identical CPR workshops without
videotaping and were not included in the present study.

2.3. Interventions

Randomizations were performed using numbered sealed opaque envelopes. Participants were
randomly assigned to teams of four. Depending on the number of participants showing up at our
workshops, teams of three or five were formed occasionally. Teams were randomly allocated to receive
one of three versions of a graphical instruction of the resuscitation algorithm: current CPR guidelines
(“ILCOR”), the Cardiocerebral Resuscitation (“CCR”) protocol (cycles of 200 uninterrupted chest
compressions with no ventilation), or a local interpretation of the current guidelines (“Arnsberg”,
immediate insertion of a supraglottic airway and cycles of 200 uninterrupted chest compressions).
The graphical instructions were based on the Cardiocerebral Resuscitation Emergency Medical Services
Protocol [9] amended by specific instructions for the different algorithms studied (“ILCOR”, “CCR”,
and “Arnsberg”; Figure 1).

Participants were asked to follow the instructions handed to them as closely as possible during the
following simulated event. Except for the study-specific graphical instructions, all information given
to the participants was identical. Teams were randomly allocated to designated or non-designated
leadership. In designated leadership teams, the role of leader was assigned to a randomly chosen team
member by the tutor immediately prior to the start of the simulation.

The mannequin Ambu Man Wireless (Ambu GmbH, Bad Nauheim, Germany) was used.
All participants received a standardized introduction to the workshop and were made familiar
with the mannequins used and the resuscitation equipment available. Subsequently, all team members
were informed that their role during the following scenario was that of an in-hospital resuscitation
team summoned to an unwitnessed cardiac arrest in their hospital’s cafeteria. The victim of the arrest
(mannequin) was lying on the floor and was pulseless, apneic, and did not react to verbal commands
or painful stimuli. Ventricular fibrillation could be diagnosed on the display of a manual defibrillator.
The study period started with the first touch of the patient by one of the participants and ended after
the third defibrillation. Trained tutors, instructed to refrain from any intervention until the end of the
study period, operated the resuscitation mannequins. The further course of the scenario was at the
discretion of the tutor who, after the simulated scenario, gave educational feedback to the teams.
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Figure 1. Graphical instructions handed to the participants prior to the simulated cardiac arrest. Top
panel: version distributed to “ILCOR” teams. Middle panel: version distributed to the “CCR” teams.
Lower panel: version distributed to the “Arnsberg” teams.

2.4. Outcomes

The primary endpoint was the percentage of hands-on time, defined as time of actual chest
compressions divided by the total time interval of the study period. The rationale for selecting this
CPR performance measure was that hands-on time by integrating duration and interruptions of
chest compressions affects clinical outcomes. [25] In “ILCOR” teams performing CPR with 30 chest
compressions followed by 2 ventilations, interruptions of chest compression ≤5 sec for ventilation
were counted as continuous hands-on time. A between-group difference ≥10% in hands-on time
was considered to be of medical relevance. A power analysis, based on data of pilot experiments,
revealed that approximately 90 teams had to be studied in each group to detect a 10% difference in
the primary outcome with significance levels of 0.05 and 80% power. Accordingly, we decided to
terminate the study as soon as at least 90 videotapes of sufficient quality for each group were available.
For organizational reasons, the number of available videotapes of sufficient quality could be assessed
only after completion of each educational course.

Secondary outcomes included adherence to the algorithm, assessed (1) on the meta-level (sequence
of three blocks of chest compression separated by rhythm analysis and defibrillation); and, (2) on the
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level of blocks (execution according to allocation). Further secondary outcomes were number of cardiac
compressions per cycle; compression rates; within-team and between team variance; and within-team
changeovers for chest compressions. The effect of designated leadership was assessed as secondary
outcome for all the aforementioned outcomes analyzed.

2.5. Analysis

Data analysis was performed using video recordings obtained during simulations. The first
touch of the patient by one of the participants was defined to be the starting point for the timing
of all events. All data were analyzed on an intention-to-treat basis and expressed as medians and
interquartile range (IQR) unless otherwise stated. Statistical analysis was performed using SPSS
(version 22). Continuous data were analyzed using analysis of variance (ANOVA), followed by
Student’s t-test or the Mann–Whitney test with Bonferroni correction. Cohen’s d was used to calculate
effect size [26]. Categorical data were analyzed using Fisher’s exact test. Coefficients of variance and
Levene’s test for equality of variances were used to assess variance. A p < 0.05 was considered to
represent statistical significance.

3. Results

3.1. Participants

Figure 2 displays the CONSORT flow chart of the trial. 940 physicians (391 male) in 286 teams
(95 “ILCOR” teams, 97 “CCR” teams, and 94 “Arnsberg” teams) completed the trial.
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3.2. Primary Outcome

Median percentage of hands-on times was 88 (IQR 6) in the “ILCOR” teams, 90 (IQR 5) in the
“CCR” teams (p = 0.001 vs “ILCOR”, effect size 0.48), and 89 (IQR 4) in the “Arnsberg” teams (p = 0.032
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vs. “ILCOR”, effect size 0.32; and p = 0.10 vs. “CCR”, effect size 0.24) (Figure 3). Designated leadership
had no effect on hands-on times (p = 0.99).Int. J. Environ. Res. Public Health 2020, 17, x  7 of 14 

ILCOR CCR Arnsberg
70

80

90

100

 

Figure 3. Hands‐on times. Box and whiskers plot of the percentages of hands‐on times, defined as 

time of actual chest compressions divided by the total time interval of the study period in the three 

study  groups. Boxes  indicate  the median  and  the  lower  and upper  quartiles while  the whiskers 

indicate the 5th and 95th percentile.  = p < 0.05 vs. both other groups. These differences, although 

statistically significant, are not of medical relevance (see discussion). 

3.3. Secondary Outcomes 

All teams followed their instructions and performed at least four blocks of chest compressions 

interrupted by rhythm analysis. 

Execution of CPR according to targets of the allocated algorithm, i.e., resuscitation cycles of 120 

sec  length  for “ILCOR”  teams and  resuscitation cycles of 200 chest  compressions  for “CCR” and 

“Arnsberg” teams, respectively, is shown in Figure 4. 

Figure 3. Hands-on times. Box and whiskers plot of the percentages of hands-on times, defined as time
of actual chest compressions divided by the total time interval of the study period in the three study
groups. Boxes indicate the median and the lower and upper quartiles while the whiskers indicate the
5th and 95th percentile. F = p < 0.05 vs. both other groups. These differences, although statistically
significant, are not of medical relevance (see discussion).

3.3. Secondary Outcomes

All teams followed their instructions and performed at least four blocks of chest compressions
interrupted by rhythm analysis.

Execution of CPR according to targets of the allocated algorithm, i.e., resuscitation cycles of
120 sec length for “ILCOR” teams and resuscitation cycles of 200 chest compressions for “CCR” and
“Arnsberg” teams, respectively, is shown in Figure 4.Int. J. Environ. Res. Public Health 2020, 17, x  8 of 14 
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Figure 4. Execution of cardiopulmonary resuscitation (CPR) according to allocated target. Box and
whiskers plot of the execution according to target of the allocated algorithm during the first four CPR
cycles in the three study groups. Target was defined as cycle length of two minutes in the “ILCOR”
teams and cycle length of 200 chest compressions in “CCR” and “Arnsberg” groups respectively.
Boxes indicate the median and the lower and upper quartiles while the whiskers indicate the 5th and
95th percentile. The brownish shaded area represents the range of target ±20%. F = significantly
(p < 0.001) more often outside a range of both target ± 10% and target ±20% than “CCR” and “Arnsberg”
teams.

∏
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respectively than “CCR” teams.
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In the “CCR” group, 74/97 teams demonstrated complete adherence to the allocated task of not
ventilating until the end of the 3rd cycle and ventilating in the 4th cycle (one team started ventilating
in the 1st cycle, two in the 2nd cycle, and five in the 3rd cycle; 15 teams continued uninterrupted
compressions in the 4th cycle and did not ventilate). In the “Arnsberg” group, 74/94 teams demonstrated
complete adherence to the allocated task and inserted a laryngeal tube in the 1st cycle (the remaining
20 teams inserted the laryngeal tube in the 2nd cycle). Designated leadership had no significant effect
on adherence to ventilation targets in the “CCR” or “Arnsberg” teams. In the “ILCOR” teams, 59 teams
chose a laryngeal tube (20 teams in the 1st, 25 in the 2nd, six in the 3rd, and eight groups in the 4th
cycle) and 31 teams chose endotracheal intubation (12 teams in the 1st, 11 in the 2nd, and 8 in the 4th
cycle). Five teams did not perform advanced airway management. A defibrillation after each rhythm
analysis was performed by 79/95 “ILCOR” teams, 84/97 “CCR” teams, and 90/94 “Arnsberg” teams
(p = 0.014) while the remaining 33 (12%) teams did on one or more occasions (63/858 corresponding to
7.3%) not defibrillate because they did not recognize the presence of ventricular fibrillation. Designated
leadership had no effect on the likelihood to defibrillate after each rhythm analysis (p = 0.28).

Chest compression rates are shown in Figure 5. Chest compressions rates in “ILCOR” teams were
approximately 10 compressions per minute lower than in both “CCR” and “Arnsberg” teams (p < 0.001)
while there was no difference between “CCR” and “Arnsberg” teams (p = 1.0). Moreover, significantly
more “ILCOR” teams had too low a number (defined as < 100/min) of delivered chest compressions in
the first three cycles (cycle 1: ILCOR 28/CCR 7 Arnsberg 8, p < 0.001; cycle 2: 17/0/2, p < 0.001; cycle 3:
11/2/1, p = 0.003; cycle 4: 6/2/2; p = 0.11). “ILCOR” teams delivered in all cycles approximately 10 chest
compressions less than both “CCR” and “Arnsberg” teams (p < 0.001). Designated leadership had no
effect on delivered chest compressions (p = 0.65) nor on too few delivered chest compressions (p = 0.51).
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Overall, there was a highly significant between-team difference (p < 0.001) and within-team
difference (p < 0.001) for chest compression rates, length of cycles, and number of delivered chest
compressions. Further analysis revealed a significant greater within-team variance for all three
parameters in “ILCOR” teams than in “CCR” teams (p < 0.001) and “Arnsberg” teams (p = 0.02)
respectively (Figures 4 and 5). “Arnsberg” teams had a significantly greater within-team variance for
chest compression rates (p = 0.001) and length of cycles (p = 0.012) but not number of delivered chest
compressions (p = 0.77) than “CCR” teams.



Int. J. Environ. Res. Public Health 2020, 17, 7946 8 of 12

“ILCOR” teams showed a higher between-team variance than “CCR” teams in the first three
cycles (p < 0.001) but not in the forth cycle (p < 0.31), where CCR started to ventilate (Figures 4 and 5).
Likewise “ILCOR” teams showed higher between-team variance than “Arnsberg” teams for the second,
third and fourth cycles (p < 0.001) but not for the first cycle (p = 0.16), where most of the advanced
airway management of the “Arnsberg” teams took place. “CCR” teams and “Arnsberg” teams differed
in between-team variance only for cycles, where airway management took place (first and fourth cycle
respectively; p < 0.001) but not for the remaining cycles (p = 0.12 and 0.42). Designated leadership had
no effect on within-team variance (p = 0.43) and between team variance (p = 0.58).

Current guidelines recommend a changeover or rotation of the person performing chest
compressions about every two minutes corresponding approximately to the length of a compression
cycle [27,28]. If followed, this would result in three or more changeovers during the studied time
interval. The median observed number of changeovers was 2 (IQR 2) in “ILCOR” teams, 3 (IQR 1) in
“CCR” teams (p = 0.012 vs. “ILCOR” teams) and 3 (IQR 1) in “Arnsberg” teams (p = 0.053 vs. “ILCOR”
teams). A minimum of three changeovers was observed in 38/95 “ILCOR” teams, 59/97 “CCR” teams
(p = 0.004 vs. “ILCOR”); and 52/94 “Arnsberg” teams (p = 0.041 vs. “ILCOR” and p = 0.46 vs. “CCR”).

4. Discussion

This prospective randomized single-blind trial assessed the adherence to and performance of
three different CPR algorithms and the effects of designated leadership in simulated cardiac arrests.
The cardiocerebral resuscitation algorithm resulted in higher hands-on times, less deviation from
allocated targets and less variance than the currently recommended ILCOR resuscitation algorithm.
An interpretation of the ILCOR algorithm advocating immediate insertion of a supraglottic airway in
order to achieve cycles of 200 uninterrupted chest compressions as soon as possible also resulted in
higher hands-on times, less deviation from allocated targets, and less variance than the original ILCOR
algorithm. Designated leadership had a beneficial effect on between-team and within-team variance.

The observed differences in the primary outcome hands-on time of 2% between the study groups
are relatively small and well below the threshold of 10% defined as representing medical relevance in
our pre-trial power analysis. The resulting effect sizes of 0.32 to 0.48 indicate that approximately two
thirds of the “ILCOR” teams performed below the respective averages of the “CCR” and “Arnsberg”
teams [26]. While our teams achieved percentage hands-on times between 88% and 90%, previous work
demonstrated no further survival benefit of compression fractions exceeding 81% [25]. Taken together,
the differences in hands-on time, although statistically significant, are not of medical relevance.

As far as secondary outcomes are concerned, our results confirm substantial variance in adherence
to CPR algorithms and parts thereof previously described [16,17,22,27,28]. In keeping with the results
of a previous trial [28] our results confirm that temporal targets (2 min) are more difficult to follow
than numerical targets (200 chest compressions). Surprisingly, only 75% of teams adhered to an
unambiguous timing of airway management (no ventilation at all in the first three cycles and start of
ventilation in the fourth cycle in “CCR”; immediate advanced airway management in “Arnsberg”).
While immediate ventilation is undisputed as mandatory in asphyxia-induced arrests, it is up to future
clinical trials to solve the ongoing controversy concerning the role and timing of advanced airway
management in arrests of primary cardiac origin [29–32].

In the two CPR algorithms with a designated time of airway management (“CCR” and “Arnsberg”),
within-team and between team variance for parameters related to chest compressions increased
considerably in the pre-specified cycles concerned. Moreover, within-team and between team variance
for parameters related to chest compressions was highest in the algorithm with constant synchronization
of ventilation and chest compressions (“ILCOR”). Thus, airway management is an additional task load
capable of interfering with baseline team performance. Interestingly, the disruptive effect of airway
management was less pronounced when performed in the fourth cycle (“CCR”) compared to the
first cycle (“Arnsberg”). We hypothesize that even a comparatively short period of team-building in
de-novo forming teams has a stabilizing effect against disruptive events.



Int. J. Environ. Res. Public Health 2020, 17, 7946 9 of 12

The observation that 12% of the teams did not defibrillate on one or more occasions because they
did not recognize the presence of ventricular fibrillation is worrisome. Diagnostic errors in interpreting
12-lead electrocardiograms (ECG) are common, occurring in approximately 33% of cases and resulting
in inappropriate management in up to 11% [33]. In a questionnaire-based study, approximately 10% of
defibrillation decisions of emergency department nurses were wrong [34]. However, to the best of our
knowledge, there are no real-life data on the accuracy on ECG interpretation during CPR.

Previous work demonstrated that the quality of leadership correlates with the quality of team
performance during CPR and leadership skills can be successfully taught and learned [16,35–41].
To avoid a leadership vacuum, in many institutions the first health-care worker entering the scene at
a medical emergency takes a garment that designates him/her as team leader throughout the event.
The present study modelled this practice by designating one randomly chosen team member as team
leader immediately prior to the encountered cardiac arrest. However, in keeping with a recent study
involving medical students, the present study demonstrates no benefit of designated leadership [42].
The lack of formal CRM-training of the designated team leaders in the present study might explain
differences to previous studies showing beneficial effects of leadership [16,36,37,39,40].

While (CCR) was found to improve neurologically intact survival in comparison with the
pre-implementation period [10], the Arnsberg algorithm has not been tested in clinical trials so far.
After the favorable results of both CCR and the Arnsberg algorithm in the present simulator-based study,
comparative clinical trials against conventional guidelines would be both welcomed and justifiable.
Of note, CCR was the algorithm least familiar to the study participants, so that the results for CCR
might have even been better among trained rescuers.

The main goal of CPR algorithms is to maximize neurological intact survival. However,
CPR algorithms should translate the current status of resuscitation science into directions for action
that are easy to adhere to by potential rescuers by considering their capabilities and limitations in
a stressful event. The present study demonstrates that the lower the complexity (or the higher the
simplicity) of a CPR algorithm the higher the compliance with specified algorithm targets. Thus,
designers of CPR guidelines should, while respecting resuscitation science, strive to achieve maximal
simplicity, formulate unambiguous directions (with respect to what and when), and avoid temporal
targets [28,43]. As we observed substantial between-team and within-team variance even for a
presumed trivial task like counting 200 chest compressions, we advise clear directions for announcing
aloud intermediate numerical targets. The present work demonstrates that prospective, randomized,
blinded large-scale simulator-based trials to assess adherence to CPR algorithms are feasible. In the
future, adherence to intended alterations of algorithms could thus be tested prior to definitive
implementation using simulation.

Our findings relate to a scenario of a primary cardiac arrest, i.e., arrest of cardiac origin in an
adult. In asphyxia-induced cardiac arrests and in arrest in the pediatric population timely and effective
ventilation has the highest priority [44,45]. Strengths of our study include the large sample size and
the provision of identical conditions for all teams. Limitations result from well-known limitations of
simulator-based studies, which mainly include the absence of real patients and a real environment.
However, this prospective large-scale comparison of different CPR algorithms would, for a variety of
practical and ethical reasons, be very difficult to perform in real patients. Moreover, with regard to
performance markers and the technical quality of CPR, findings in simulator-based studies show a
high agreement with findings in real cases [12–14,17,28]

Our findings have implications for resuscitation research based on trials with a comparative or a
pre-post study design. High variance and variable adherence may bias true positive effects towards the
null. Moreover, it might be impossible to discern whether observed effects relate to a true effect of an
intervention or merely on alterations in variance and/or adherence. A challenging task for resuscitation
research remains the assessment of the impact of varying degrees of adherence to algorithms and
variance in execution on patient outcomes.
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5. Conclusions

Compared to the established ILCOR guidelines, two alternative CPR algorithms advocating cycles
of uninterrupted chest compressions resulted in very similar hands-on times, but fewer deviations
from algorithm targets, and less within-team and between-team variance. These simulator findings
justify comparative clinical trials. Reducing the complexity of CPR algorithms may lead to a better
performance and less variance. These findings may help to further optimize the translation of
resuscitation science into treatment algorithms that can be easily followed by rescuers considering the
stressful conditions of medical emergencies.
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